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Abstract: [ Objective ] To address the mismatch between the spatiotemporal distribution of water and fertilizer and
the stage-specific demands of wheat, as well as the constraints on yield potential in the Huang-Huai-Hai region,
this study investigates the characteristics of wheat yield formation under the condition of long-term water and
nitrogen positioning, thereby providing a theoretical basis for high-yield and high-efficiency wheat cultivation.
[Methods] Based on a long-term positioning experiment Cinitiated in 2015) at the Xinji Experimental Station of
Hebei Agricultural University, a total of 9 water-nitrogen coupling treatments were established, including three
water treatments and three nitrogen treatments. The water treatments were: no irrigation throughout the entire
growth period (W0) , one irrigation at the jointing stage (W1), and two irrigations at the jointing and flowering
stages (W2). The nitrogen treatments were: no nitrogen application (NO), pure nitrogen of 120 kg/hm* (N1),
and pure nitrogen of 240 kg/hm* (N2). The wheat variety "Gaoyou 2018" was used in the experiment, and the
data were obtained from the monitoring results of the wheat growing seasons from 2023 to 2025. The study
investigated the effects of long-term water and nitrogen treatments on the growth and physiological regulation as
well as yield formation of winter wheat, focusing on changes in population stem number, dry matter accumulation
and distribution, yield and its components, seedling growth indicators, and endogenous hormone contents. A
partial least squares path model (PLS-PM) was employed to identify the main factors regulating yield formation.
[Results | With the increase of irrigation and nitrogen application rates, wheat yield showed an upward trend.
Among all treatments, the W2N2 treatment had the highest yield, but showed no significant difference from the
W2NT1 treatment. The WO and NO treatments failed to achieve high yields due to insufficient water and nitrogen
supply. During the two growing seasons, compared with WINI1, WINZ2 increased the yield by an average of
13.75% (p<<0.05). Compared with W2N1, W2N2 increased the yield by an average of 5.67%. In terms of
irrigation effects, W2N1 increased the yield by an average of 18.10% compared with WIN1 (p<C0.05) , and
W2N2 increased the yield by an average of 9.47% compared with W1N2. No significant differences were observed
between the W2N2 and W2N1 treatments in spike number, 1 000-grain weight, or total stem number at the
flowering and maturity stages. However, compared with W2N1, W2N2 increased the grains per spike and dry
matter accumulation at the maturity stage by an average of 11.98% (p<C0.05) and 5.46% (p<<0.05) ,
respectively. In the second growing season, the spike formation rate of W2N1 was 15.40% higher than that of
W2N2 (p<<0.05), effectively compensating for the lower number of grains per spike. There was no significant
difference in SPAD values between W2N1 and W2N2Z treatments. However, nitrogen uptake efficiency and
nitrogen fertilizer production efficiency under W2N1 treatment were significantly higher than those under W2N2 by
78% and 90% , respectively. At the seedling stage, plant height, number of secondary roots, and root dry weight
under the N1 treatment were significantly higher than under the N2 treatment. Additionally, the contents of GA,
and TAA in the roots increased by 27.92% (p<<0.05) and 55.31% (p<<0.05), respectively, and the ABA content
in the above-ground parts decreased by 18.99% (p<C0.05), establishing a solid foundation for vigorous seedlings.
The partial least squares path model indicated that IAA and GA; promoted nitrogen uptake by increasing root dry
weight and root length, and significantly affected chlorophyll content, increasing nitrogen accumulation and
nitrogen uptake efficiency. Total stem number showed a highly significant positive correlation with dry matter
accumulation (path coefficient=0.996, p<C0.001). Dry matter accumulation showed a significant positive
correlation with spike number (path coefficient=0.648, »p<C0.01) , ultimately affecting yield (path coefficient=
0.777, p<<0.001). [Conclusion] Under the conditions of the long-term positioning experiment, the W2NI1
treatment still achieves high wheat yield. This is mainly due to the high growth quality of wheat seedlings, which

is characterized by high contents of growth-promoting hormones, good root development, and increased plant dry
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3 ]

AR AT < A RUE (X0 /N 22 A1 T B T ) R 4 A 325

matter accumulation. Additionally, the improvements in the number of tillers, spike formation rate, SPAD, and

nitrogen uptake efficiency at the middle and late growth stages ensure that the yield does not decrease significantly.

This study provides data support for further reducing fertilizer application and enhancing efficiency in wheat

production.
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Fig.1 Daily maximum temperature, daily minimum temperature, and precipitation during winter wheat growing seasons
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Table 1 Precipitation throughout entire growth period of wheat (2023-2025) mm
S FERR - ) BA IR RTINSO -OTE JRAE -Vl A EHEaT
2023—2024 48.43 22.55 9.05 30.20 47.66 157.89
2024—2025 43.80 6.64 12.88 12.24 53.29 128.85

R®2 0~20cm TEEMM A
Table 2 Soil basic fertility in 0-20 cm layer

A7 fib 3 pH R/ (grkg D HHLE/(grkg D HEBE/ (mg-kg D B/ (mg-kg D
WONO 7.99ab 0.33b 16.52¢ 50.24a 262.35a
WON1 8.01ab 0.66a 18.71a 38.47a 193.66¢
WON2 7.93cd 0.70a 18.40ab 40.87a 194.18¢
WINO 8.02a 0.32b 16.18¢ 31.70e 179.82d

2023 WINI 8.02a 0.70a 18.08ab 31.70e 179.82d
WIN2 7.96bc 0.67a 17.34bc 27.951g 163.54e
W2ZNO 7.90cd 0.32b 16.33c 27.12¢g 161.03e
W2N1 7.99ab 0.69a 18.08ab 34.04a 203.57h
W2ZN2 7.89d 0.70a 18.63ab 29.241 163.91e
WONO 8.13b 0.32b 16.10a 25.60d 248.23a
WON1 8.14b 0.70a 18.06a 36.64ab 227.65b
WON2 8.06b 0.71a 18.73a 28.77bced 166.60de
WINO 8.14b 0.30b 15.76a 37.42ab 192.11c¢

2024 WINI1 8.30a 0.64a 18.24a 55.46a 126.99¢
WIN2 8.26a 0.67a 17.96a 26.81cd 155.09e
W2NO 8.10b 0.30b 16.22a 38.65a 157.06e
W2N1 8.05b 0.71a 18.25a 22.64d 141.32f
W2N2 8.12b 0.70a 17.28a 37.14ab 176.19d

- B[R] NG B/ 3R 7R [a] — AR Ay AN [] Acb 280 i) 2 5 W 35 (p<<0. 05D, T [l
http. // stbexb.alljournal.com.cn
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Table 3 Wheat yield and yield components in 2023-2024 and 2024-2025

0 Ab P M /(10" hm TR/ TRLHE /g R/ (kg-hm )

WONO 481.11de 21.46¢ 38.61f 3891.11g

WON1 482.22de 23.34d 39.61ef 4 953.34e

WON2 517.78c¢ 24.13d 40.68de 5646.67d

WINO 457.78¢ 23.15d 41.11cd 4 071.11f

2023—2024 WINI 631.44b 27.81c 42.07bc 6726.67c
WIN2 650.00b 30.84ab 40.46de 8217.78b

W2NO 501.11cd 23.00d 40.44de 4 146.66f

W2N1 743.33a 30.31b 42.86ab 8671.11a

W2N2 764.88a 31.52a 43.24a 8 702.22a

WONO 466.68d 23.79d 40.90ab 3434.50d

WON1 493.32¢cd 28.94b 38.13bc 5 206.27c

WON2 530.00¢ 30.11ab 37.86¢ 5 240.25¢

WINO 418.89¢ 24.39cd 41.42a 3160.88d
2024—2025 WIN1 636.67b 28.85h 40.57abce 6 232.54bc
WIN2 643.33b 29.63ab 40.03abce 6 564.72ab

W2NO 487.78cd 23.70d 42.42a 3069.29d
W2N1 718.89a 27.30bc 40.57abce 6 686.70ab

W2N2 740.00a 32.75a 39.76abc 7420.91a

W 341.04™ 162.15™ 39.38" 1586.75"

2023—2024 N 344.09™ 217.48"™ 16.33" 3796.78°
WX N 70.88™ 21.35™ 7.83" 364.13"

W 91.01" 0.92 4.88" 8.26"

2024—2025 N 151.47" 99.71" 6.097 81.44™

WX N 20.65™" 1.73 0.39 4.00°

T xR p<C0. 001 #4475 p<<0. 013 %375 p<<0. 05, F i,

22 AFRKELETTFHWRBRENFME
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WIN2# WINL W INO & 8 15.74 % .84.25% F

8.34% .60.58% o
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hn9.23% (p<<0.05) | 69.35% (p<<0.05) F1 0.41% .
27.46% (p<<0.05) , W2N1 % WIN1, WON1 14
19.67% (p<<0.05) . 74.98% (p<<0.05) FI 3.41% .
40.97% (p<<0.05) . J5 2243 Hr Wb, HEWE i A M —
R (SORR7/NivAE S A ES R TE
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F4 2023—2024 £ 20242025 F LN EREBHEN T
MERRE
Table 4 Dry matter accumulation of winter wheat at each
growth stage in 2023-2024 and 2024-2025

kg/hm’
Ay i Rl TFAE ] A

WONO 2 560.81d 5 858.33¢g 8 000.63h

WON1 2 705.52d 6 832.05e 10 182.40f

WON2 3110.47¢ 7403.08d 11 123.43e

WINO 2601.92d 6216.62fg 9 352.37g
2023—2024 WIN1 4029.71b 9204.37c 14 888.18d
WIN2 4129.61lab 10795.37b 17 232.13c

W2NO 2 973.16¢ 6 510.15ef  9290.70¢g

W2N1 3995.59b 10659.08b 17 816.73b

W2N2 4275.97a 11233.20a 18 837.32a

WONO 2 592.25¢ 5546.11e 7 813.451

WON1 4512.73e 6 419.25d 9 680.53d

WON2 5617.92b 7217.22¢ 11 263.30c

WINO 3 044.68f 6 117.08d 8 903.88e

2024—2025 WIN1 5160.29¢c 8520.19ab 13 197.44b

WINZ 5030.36¢ 8892.47b 14 297.73a

W2NO 3 265.08f 6 179.80d 9447.53d

W2N1 4 765.80d 8447.23b 13 646.92b

W2ZN2 6 803.36a 8 923.66a 14 355.88a

W 181.04™ 357.66™ 992.46™"

2023—2024 N 240.32" 613.46""  1572.10
W XN 27.50™ 59.27 145.95™

w 68.44 119.43™ 292.28"

2024—2025 N 1061.18™ 267.74™ 666.38"
W XN 53.80™" 10.96™ 20.15™

23 AEKEAENTFYREIZEHZM

HY & 5 ) 1, [ 8 W K F- , IFAE | T ) i e iz i
W it 80 S A9 185 00 on 8, (A [ it G S Ak B ) Y 22
S AN I 25 NO B IF AL BT T 4 R AT RL Y BTk
BrE T NT N2 4 #E L AU 1 3 W2NO 5 W2N1,
W2N2 22 5 W 25, 43 5 &t 87.40%6 .162.18% - [l Jifi
AT ST R T s i 22 5 AR
FEAE S5 T o B 54 ek il VA O R it G o 2 1 n
B WG ZE I 4G T T4 06 KT ORE 9 BT R 3 B R R
TR T R, FH N W2N2  WIN2 8 WON2 43 5
T B 63.42% (p<<0.05) . 36.52% #119.06% .13.93%

DL Kz W2N1 , WIN1# WON1 43 %) & 2 F % 52.12% .
46.06 % H135.08% .29.39% . JF 4 B 75 ¥ Jo xF
FERLDTER 3 JFAE S T 9 AR R i I AL 19 B xf
FFRL BT R 2R 35 52 TR il 205 ) f 3 (R 2023—2024
) KA HEAEX AL G T AR B 52 g 2
24 AEKELEBEXN/NEHEREZ(H)HHETW

=AU

HY 2 6 7] 1, [] 3 KT, PR e R 2R BB it A
OO R i, IR AR R By W2N2, W2N1
W2NO 43 51 35 54 hn 51.38% . 52.87% H1 52.36% .
48.54%; WIN2, WINI & WINO 4> % & 2 5 hn
38.21%.37.53% F145.77% .45.52% . 55 1 %=l fd R
W2N2 W2N1# W2NO 451 5 3 15.5%.12.27 %05
WIN2 . WIN1#H WINOZ 5 5 3 9.04 % .27.61 %,
o5 2 ZE R AR W2NT1 82 W2N2 14 15.40% . 45 12
FZE L W2N2 ., W2N1 48 W2NO 43 5] i & F [
34.54% .32.63% o 4 BEFH LL 5] A0 43 BE Al A e B
Jitl 2B 1) 1 I g e 3 R, L v v 2 4y B Al R A R
W2N2, W2N1 % W2NO 43 %I & 3 3 Jn 100.05% .
89.13% F150.84%.79.07 % ; WIN2.WIN1% WINO%»
I N 113.06 % .161.91 % #183.09%.118.50 %,

] it 80K, PR 2 e 25 M K R B g
AN, P W R W2N2 8 WIN2, WON2 4 i 4
i 7.50% (p<<0.05) | 9.62% (p<<0.05) Fl 3.72% .
4.47% ; W2N1# WIN1, WON1 55 1 Z= 43 5] i & 58
29.54%.49.75% . FFIEM, W2N2 % WIN2, WON2 43
Wil % N 18.05% . 48.85% F 15.70% . 38.65%;
W2N1H WINT WONI1 535 2 &30 19.80%6.64.01 %
F112.99%.45.92%. W 2= i B8 % W2N2 5 WIN2,
WON2 43 534 4 9.44 % (p<<0.05) . 34.70% (p<<0.05)
M18.51% .36.17% (p<<0.05) . 4> BERE L 5] F1 43 B il
N T 23R VR TR R A B o 3 o, H Hp R 2 4y BE
k51 W2N2 % WIN2 ., WON2 43 5] & 2 11 19.85% .
81.19% F115.84% .69.23%; W2N1# WIN1,WON14>
RGN 21.28%.116.24 % F125.46 % .57.75% . 5 2243
B 7R, VEBE il 280 S — o A e R A A A =5
LR BN AP EERTE R R TE S A
25 AARKERMGERZSERDERSHNTIT
251 ARAZRAENYGHELSTOYw PEE
it 0 3, M B GAL TAA S ST
A, 4b ] % B N1, >N2,>NOCK 2) ., Ho,
N1, 89 GA, & B 8 N2, NO 43 B 5 2 3 n 74.00% .
275.01% , IAA & £ 43 7l & 3 19 9.45% . 42.67% .
ABA & 28 NO>N2,>N1,, Hh N2, N1, 4b 5
A NO J3 ) i 2 A 20.48 % F135.59% . TAA/ABA
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840 %

AR5 GA TAA — 50, £ 4b B ) 2 3 N1,>
N2,=>NO, H i N1, $ N2, NO b 3 53 51 5 3 3

34.89% .121.61% , FEH N1 kb FHE GEAE ik /N 4% 4
Mo A K

RS5 2023—2024 FN 20242025 FZNEFA RN TYREBR EMAEEHN T YRR RS DUR T HF AL EY 53 &R
Table 5 Dry matter translocation amount before flowering, dry matter accumulation amount after flowering, and their
contribution rates to grains of winter wheat in 2023-2024 and 2024-2025

T AETHI I 580 T4 o e IR T R
0y b 3
¥iz 4/ (kg-hm *) R A Y MR H/(kg-hm *) X RFRL SRR/ 1
WONO 1 748.81ab 44.90a 2142.30f 55.10c¢
WON1 1 602.99ab 32.37ab 3 350.35de 67.63bc
WON2 1926.32a 34.12ab 3720.35d 65.88bc
WINO 935.36b 22.68bc 3135.75de 77.32ab
2023—2024 WINI 1 042.85ab 15.50¢ 5683.82¢ 84.50ab
WIN2 1781.01ab 21.66bc 6 436.77b 78.34ab
W2NO 1366.11ab 32.72ab 2 780.55ef 67.28bc
W2N1 1513.46ab 17.46¢ 7 157.65a 82.54a
W2N2 1 098.10ab 12.48¢ 7604.12a 87.52a
WONO 1120.33bc 33.00a 2 267.341 67.00b
WON1 1610.68a 33.07a 3261.27d 66.93b
WONZ 1507.68a 27.13ab 4 046.08b 72.87b
WINO 1014.39¢ 26.71b 2786.79¢ 73.29a
2024—2025 WINI 1425.68ab 23.35b 4 677.25b 76.65a
WINZ2 1421.05ab 20.79b 5405.26a 79.21a
W2NO 985.74c 23.11b 3267.72d 76.89a
W2N1 1423.63ab 21.47b 5199.69a 78.52a
W2N2 1527.40a 21.96b 5432.22a 78.04a
N 3.158™ 13.9817" 122.563™ 13.9817
2023—2024 N 0.780 6.266" 179.505™ 6.266"
W XN 1.594 1.171 17.233™ 1.1717
N 1.21 17.58™ 162.19™ 17.58™
2024—2025 N 18.19 3.65" 367.05 3.65"
W XN 0.30 0.89° 8.74 0.89

RAT GAMITAA & 2 Bt A 1S ¥ 2567 e
R ARtk A A BRI R B N1, > N2, >NO(E 3, 5
NON2 A H NI AR FE R GAL TAA &8 43 %) 2 25 56 fin
30.71%.27.92% #1126.63% .55.31% . ABAFREEM
I NO>N2, > N1, Hrf N1, N2, %5 NO &b F43-1) b 3 %
i 20.44%.19.69%., IAA/ABA £ B}y N1,>N2,>
NO, N2, NOE N1, 43 51| it 3 P A% 36.18 26 .64.81 %6, #*
BN 1A AR NG AR R AR
252 ARAZERAENHEHENHwm HETA
L B4 AN AR K R B N1, > N2,>NO, N1, 4%
N2, NO 43 51 #2 5 10.30% Fi146.52 % (p<<0.05) ; bk

FEA D BRI TC B35 25 5 A IR BICRTAR T J 39 7 N,
ik e KH L 5 N2, NO 43 5 8 Jm 10% . 120% A
48.08% .170.25% (p<<0.05) ; 4> BE ¥ 75 N2, 35 ) K
B, 8¢ N1, A1 NO 43 511 38 1 10% A1 120 % (p=<<0.05) .
R AN FE R K 3R BN NO>N2,>N1,, NO
N2, N1, 43 %) & 2 540 16.37 % F123.04% 5 ¥k 55 LIk
Az AR AR T RN A3 BE AR A N A B K ME L B N2,
Ay 5B BN 13.60% .32.26% . 157.14 % F110.34 %
(p=>0.05) , #& NO 43 Il 12 2 3% hn 64.17% . 78.26 % .
5.88%0 Al 113.33% . 4 W1 R 3R ¥ 101 (9 41 i F S 7
AN [ il 28 Ak HR T 25 5 B R (B 4D
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R6 20232025 FRREEKXBMERELBEHNEDZE () BELHEMRTEER
Table 6 Dynamics of total stem (spike) number and spike formation rate of wheat under different irrigation frequencies and
nitrogen application rates (2023-2025)

S BERE
) AL/ P15/ JFAE/ I/ . By 53 BETE i
gy opm AW SR TR R ey EER IRRR
(10*hm™  (10*hm™  (10%hm™  (10"-hm™ e/ % e/ % )
/%
WONO — 903.33¢ 491.11d 481.11d 53.27bc 76.93b 23.07d  20.85c
WON1 — 904.45¢ 487.78d 482.22d 53.32bc 76.78b 23.22d  21.00c
WON2 — 1235.56b 532.22¢ 517.78c¢ 41.93f 71.51c¢ 28.49c¢ 17.10cd
WINO — 968.89d 485.56d 457.78¢ 47.33¢ 80.87a 19.13¢ 14.78d
2023—2024 WIN1 — 1.045.56¢ 667.78b 631.44b 60.40a 58.60d 41.40b  38.71a
WIN2 — 1 260.00b 671.11b 650.00b 51.61cd 56.93d 43.07b  31.49b
W2NO — 1025.56¢ 523.33¢ 501.1lcd  48.90de 73.91bc 26.09cd  20.06c¢
W2N1 — 1354.45a 800.00a 743.33a 54.90bc 49.79 50.21a  37.94a
W2N2 — 1354.44a 792.22a 764.88a 56.48b 48.38¢ 51.62a  40.13a
WONO  1410.00c 508.89¢ 475.00de  466.68d 33.11abc 67.54bc 32.46cd  13.91de
WON1 1897.78b 941.11b 503.33cd  493.32¢d  26.02de 63.95¢ 36.05¢ 11.26¢f
WON2  2231.1la 1216.67a 543.33¢ 530.00c 23.89%¢ 66.46bc 33.54cd 9.49f
WINO 1316.67c 576.67d 446.67¢ 418.89¢ 31.98bc 77.70a 22.30e 9.46f
2024—2025 WIN1 1757.78b  1000.00b 650.00b 636.67b 36.55ab 54.67d 45.33b  20.67ab
WIN2  2145.00a 1225.56a 651.11b 643.33b 29.98cd 51.00d 49.00b  17.32cd
W2NO  1303.33c 785.56¢ 494 .44d 487.78cd  37.45a 72.66ab 27.34de  14.24de
W2N1  1921.67b 993.33b 734.44a 718.89a 37.54a 43.13¢ 56.87a  25.50a
W2N2  2275.00a 1271.11a 753.33a 740.00a 32.53bc 43.25¢ 56.76a  21.48b
\ — 220.18™  222.05™ 341.04™  10.747 194.54™ 197454 67.38"™
2023—2024 N — 406.11°"  184.16™ 344.08™  29.75 240.51" 240517 82.80™
W XN — 51.76™ 41,717 70.88  24.06™ 42.26™ 42,26 28.94™
A 1.96 30.08" 96.19" 91.01" 2292 25.25" 25.25""  37.29™
2024—2025 N 112.32° 539.19™ 52.947 151.477  11.307 70.01™ 69.98™  20.77™
WXN 0.53 82.80" 71.10™ 20.65" 3.95" 14.26™ 1426 12.00™
. , _ (b) H
80r mNo (#EsE . T ;
O NI, o 1
T 60} mN2, c '
3 : rH 2 2T ;
(=]
= b as) 1
= 40t =
il | ¢ é c
& 20+ -
C
0 0
GA, ABA IAA NO N1, N2,

T B R 7 R /NG SR R AN [R] A B ) 22 5 25 (p<<0. 05) ;NO N1, N2, 4k B 2351 4 g 0,60 120 kg/hm* i ai &b B, A,
2 FERAEXEZNEM FAME S S IAA/ABA BIF I
Fig. 2 Effects of nitrogen application treatments on hormone contents in aboveground parts of winter wheat and the ratio of
IAA to ABA
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0r mNno @#xaR 3 o#E
O NI,
T, 60 MN2, a :
. Edl 1 43 :
2 L o T
= 40 ; E i
o < 1
5 20 ;
b 3 b |—k
o L e 0
GA, ABA TAA NO N1, N2,
B3 HERLENZNZERABELSEMIAA/ABANHIE
Fig.3 Effects of nitrogen application treatments on hormone contents in winter wheat roots and the ratio of IAA to ABA
R7 AEAMBLKNEHERTES w5 ABA 2R ERMHL, T HIAA/ABA S
Table 7 Morphol?glcal differences in winter wheat seed- Ho GAg\IAA/E\iéIZIEE%IE*H;é 5 ABA &R
lings at different growth stages . R o .
S5 mal bE B am UG . 2R WY P TR A R AR LA BE R 29 1
X &} K >
D > IS I ) 37 S % i s =
wwam U b m DVETHER IR L K
NO 8.04b  16.86 2.00b  0.01b 1.00b 26 REKRIEXIZNE SPAD IR
Hi 1 6 W) 0, BE A 24 /N 22 A F W Ry e, SPAD
AW N1, 11.78a 17.74a 4.40a 0.02a 2.00a %gim%ﬂﬂéfﬁ{kﬁ%,E}F?E,ﬁﬁﬂj?ﬂm%{ﬁc W2N2 .
N2, 10.68a 18.16a 4.00a 0.0lab 2.20a W2N14b B SPAD ¥ 78 T H & Ab B, (H — 3% 2 i)
NO 1848 16.58c 4.60c 0.17b  3.00b I 76 W 2 5. JFAE M W2N2 4b B SPAD #
i 17% .3.35%
BFW N1, 15.02b  27.22a 8.20a 0.18a  6.40a WZNI - W2NO 73 5 i %iﬁ M 2.17% .3.35% ; WIN2
B WINL WINO 4538 Jim 1.92% .8.24 % (p<<0.05) ;
N2, 15.88b 23.96b 6.20b 0.07b  5.80a

E— 2y Hr R B, e L GAL & i R R GAL A
TAA T B S5 R A AR B0 52 3 E A G s 1 1
T ABA & i SR AR AR AR R ABA FiR5 IR
ARBO R B E RSB 5 . M EH GA TAA

(a) 2434

WON2 A WON1, WONO 43 51| 3 Al 0.04 %6 .6.42 % (p<<
0.05) . [FAliti & AKF T, W2N2 4 WIN2 , WON2 43 3
B3R 3.40% .3.84% ; W2N1 # WIN1, WON1 43
) 2 B 3.20% . 8.81% ; W2NO 8 WINO, WONO
A3 3 1.66 % .6.92% (p<<0.05)

(b) 275

B4 ZNZEHLHMBRFHHERS
Fig.4 Seedling morphologies of winter wheat at overwintering stage and green—up stage

2.7 AEIKFEAEI L /NERERBFNF ARER 2

MRS A, AR B AE N2 T e K,
NI1.NO &b # 53 5 2 % 4& A+ 12%6~37% . 1552~
173% o NI AR 19 A R W R0 AU A 77 308
N2 W E T 46 %0 ~T78% \75%~90% , H. & ¥ i
VR RN 2 0 L, DL W2NT A IR

A W2N2 A B 4R T 78 % .90 % 5 AU K I B K bt
Jit R 2 R R B 0 EARR R Y L L WONO
A B e , HW2N1 5 W2N2 o & 22 5% . &
B VB T R T 3R A R N IR A R ROR
{H 3 S it 20 T T B /N 22 58 4 W R T AR 30
R BCRN FI H RCRBEAR

http. // stbexb.alljournal.com.cn



9% 31 2R A R I KGR O X /N2 0 o 7 R I R B R 4 5 g 333
GAEs LB
GA,(E) . IAA(E) "
A | @) @ asach) o
ABA(L) . . . IAA/ABA(F) 0.6
IAA/ABA(L) . . . B 0.4
| o i 3
1% 0 00O  @on "
YOIl X N X ) Q. !
O N N N KN N X NG 0.2
B QO @ @ @ 200 .. .
A @ @ @ @ 0000 . B -
“OPOOP® > 00000 @® v J°°
wint |@ @ @ @ 00000020 |
T2 | @ @ ® @ & . . e 1.0

T+ 37 p=<<0. 05,

Bs5 ZNEHEHELSESHSERNBEXIN

Fig.5 Correlation analysis between hormone contents and morphological indicators in winter wheat seedlings

1 WONO
65 =3 WONI1
= WON2 -
60 F 1 WINO I aa
= WINI s .8 c‘ .
| 1 WIN2 o dE TG b
B Ry
| ellE 7
o 50 F =1 W2N2 b i B
< a Cee
% 45k ab h:'hqab dérq g
Hb K [3 - ik
40F | g |1 = o FEH{l
é I 1.5IQRM f3E
351 0 25%~75%
30—
B 75 1

Fr TR S R E T

6 AREKFAIERZ/NE SPAD K
Fig.6 Effects of different water and nitrogen treatments on
SPAD value of winter wheat

28 AEKBRAEBTNEFEBIRNEHFTEER
i 5 /N — 7 B % A B (PLS-PMD 43 #r (& 7) 3%

B, WIS E S A B B R R . 2
WE 5B (IR R B = — 0.808) AR K (#12 &
= —0.538)F 5 B & M 5 (p<C0.001) ; & #E e 3%
5P T EGRZRE=0.715,p<<0.001) MR (P2
FH=0.332,p<C0.05) E 4 i & & F IEAH G, 40 BE
5 SPAD £ 2 % 1F M ¢ (J% 12 R £0=0.348, p<
0.05), M T 5 bk = 5 AR 2 OF M G (B R R
$=0.533, p<<0.001; 12 2 %5=0.219, p<<0.05) , R
KERMEERE D F MR RE=0.197, p<
0.05), AB R 5 SPAD MW MRCR S AR 3 1 A1
X (H R R =0.845, p<<0.001; % 12 2 $0=0.599,
»<<0.001),SPAD Bf A B ZHH S5 TYHEREER
A I 3 E M DG (AR R E=0.708, p<C0.001; 12 &
$=0.996,p<<0.001) , 1M T4 J5i #1155 RE AR 2 A
FHIEM & (12 R H0=0.648,p<<0.01) , I A HERU H 1%
S P (AR R E0=0.777,p<<0.00D).

£8 ARKELEXNNERERBSRKH BRUENZM

Table 8 Effects of different water and nitrogen treatments on nitrogen accumulation and uptake efficiency of wheat

b3 A EMER/(kg-hm D HAEWRHCR/ (kg kg™ BEFHME/(kg-kg™ D FIEAFHOR/ (kg kg™
WONO 54.76g NA 61.94a NA
WON1 108.68¢ 0.91d 44.88b 40.60c
WON2 139.74d 0.581 39.76d 23.14e
WINO 72.041 NA 52.93b NA
WIN1 143.92d 1.19b 42.41cd 50.86b
WIN2 196.77¢ 0.82¢ 34.71e 28.44d
W2NO 100.35¢ NA 42.41cd NA
W2N1 227.67h 1.90a 29.12f 55.19a
W2N2 256.00a 1.07¢ 27.211 28.99d
w 480.79™ 49777 175.56™" 314.39™
N 840.647" 693.77° 246.77" 4010.94™
W XN 34.792° 68.23" 4.69° 52.88"
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Fig.7 Structural equation model of the relationships between agronomic traits, physiological indices and yield of winter wheat

3 3T i
31 kEBENEFENFMNE

YED) ik 3 @ 7 i A K B AR 22 Z R0 I i 2,
Hohok ar MA R 2 . AR 5 i
AL, BEAS 3 M AR K ZUR A ORI N e R
REMPEN T A B TG RIEY WK BE 1, 785 K5 E
W38 =R o ZHU 2 1F 58 R | AN it 260 i 8 T8
MO 2 1 200 m®/hm?, /N4 36 7% 2R Ol 32.7 % 5 1 it &L
Ik 240 kg/hm®W], 3G 0 W &, B9 77 305 & v] R T
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WAEFEZ B, S A AL B TR E T R . AR TN,
N2 Ab B A A8 B0 R B0 B 2 T NOLH N1 5 N2
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32 AEKRSETL/NEBFEFENZ T
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T B 25 BE RS A K R A Y K U e A R
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T Ay BE B BORBARCR T e Y ST R
th A P R A R TR Ry BE R AR 4R i 0 BE AR
B R AR BOR B, ARAFSE R NT N2 AR B
BUAE Ry R LY 451 R0 43 BE AR R B 3 OR T NO &b
LSRN CYE S A5 R — B0 M N5 N2 [ 43 BE TR
AR 5 BRI 2 R BN B KT N2, U
WKWK & NIAB T IR A ES
A DU AR N A K T R 3 SR 0N 22 4y BE B
71 k9 J 0 R R A e B S (R VR X /N 22
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